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Abstract
Purpose Deformation of the talus in idiopathic congenital
clubfeet is a known problem after treatment. However evi-
dence on types of talus deformation and clinical relevance is
rare. The aims of this study were first to define different types
of talus deformation, and second, to evaluate the impact of
these types on long-term results.
Methods At a minimum follow-up of ten years 40 idiopathic
clubfeet treated by a modified dorsomedial release were ana-
lyzed. Based on morphological appearance and the widened
range of radius to length ratios (R/L-ratio) in treated clubfeet
deformed tali were divided into two groups: tali with de-
creased R/L-ratios were classified as small-dome talus defor-
mation (SD), tali with increased R/L-ratios were classified as
flat-top talus deformation (FT). The impact on degree of
arthrosis in the ankle joint, clinical outcome, and ankle range
of motion was analyzed.
Results Small-dome talus deformation (SD) was found in
nine feet. This group showed decreased R/L-ratios and in-
creased talus opening angles, which were linked to an in-
creased range of motion of the ankle joint (p=0.033). The
impact on onset of arthrosis was not significant for this group
(p=0.056). The group of flat top talus deformation (nine feet)
showed increased R/L-ratios and decreased talus opening an-
gles, decreased range of motion (p=0.019), and a significant
impact on onset of arthrosis (p=0.010).
Conclusion Our study defines a new subgroup of talus defor-
mation: the small dome talus deformation tends to show a
better ankle joint range of motion and a lower risk of arthrosis
compared to the classical flat dome talus deformation.
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Introduction
Idiopathic congenital clubfoot (ICF) is a complex and relative-
ly common deformity with a prevalence of between 0.6 and
6.8 per 1000 births [1]. The complexity of the deformity is
based on the combination of equinus, hindfoot-varus, fore-
foot-adductus, and cavus deformity of the foot. Additionally
clubfoot deformity varies in terms of severity and stiffness [2,
12]. While the cause of idiopathic clubfoot deformity remains
unknown, pathologic abnormalities of muscles, soft tissues,
nerve abnormalities, and vascular anomalies have been report-
ed [3]. Moreover an association to other congenital disorders
like developmental dysplasia of the hip has been controver-
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Treatment modalities for clubfoot deformity include surgi-
cal and nonsurgical strategies. In the past decades non-opera-
tive treatment modalities have gained increasing acceptance as
the treatment modality of choice. Especially the introduction
and broad acceptance of the Ponseti technique [7, 8], the Kite
and Lovell [9] technique, and the French approach [10] have
led to a decreasing number of cases treated surgically. Surgical
treatment of idiopathic clubfoot deformity has also evolved
over time: an approach using pre-operative treatment to re-
duce the need for extensive surgery has gained increasing
acceptance [11]. The common goal of all treatment modalities
for clubfoot deformities is to achieve full and lasting correc-
tion and optimal function of the foot: good clinical results of
surgical as well as conservative treatment modalities of idio-
pathic clubfeet have been reported [12–16].
However, despite the central role of the talus bone there are
only a few reports dealing with talus deformities in clubfeet
among the literature [17]: nevertheless talar flattening and
distortion were reported after correction using a posteromedial
release [18] and Ponseti treatment [14]. Furthermore reports
show that flattening of the talus compromises the dynamic
ankle mobility [18, 19]. Concerning differing patterns of talus
deformation following clubfoot treatment there is very little
evidence [20]. But the question remains: Is there just one type
of talus deformation following treatment of idiopathic
clubfoot?
The aims of this study were first to define different types of
talus deformation and second to evaluate the impact of the
different deformation patterns on long-term results of idio-
pathic clubfoot correction.
Material and methods
This retrospective analytical study was conducted at a single
tertiary care institution (level of evidence III). Medical records
of patients with clubfoot deformity treated surgically between
1993 and 2002 at our institution were reviewed, revealing 28
consecutive patients (40 clubfeet) meeting the inclusion
criteria. All patients were contacted for a standardized
follow-up examination.
Surgical treatment was performed as modified “a la carte”
dorsomedial release in all cases [11]: prior to surgical correc-
tion all feet were treated by serial casting in order to reduce the
need for extensive surgery. Clubfoot deformity was bilateral in
12 of the 28 patients. Of the patients 21.4 % were female,
78.6 % were male. Mean age at time of surgical treatment
was 5.6 month (range 3.5 to 15.1). The minimum follow-up
was ten years.
At time of follow-up standard radiographs were taken of all
feet. An anteroposterior (AP) view [14] and a true lateral view
of the ankle (Lat) were obtained [20]. Analysis of the radio-
graphs was performed with a special focus on the talus shape:
flattening of the talus dome was classified according to the
criteria published by Dunn [20] (0=normal, 1=mildly flat-
tened, 2 =moderately flattened, 3 = severely flattened). The
radius to length-ratio (R/L-ratio), an index of talar flattening,
was calculated by measuring the radius of curvature of the
talar dome using Mose rings, and the length of the talus from
its posterior extremity to the talar head [19, 21]. The opening
angle of the talus dome (alpha-angle) from the anterior to the
posterior trochlea end was measured in the lateral plane (see
Fig. 1).
Based on morphological appearance and R/L-ratios treated
feet were divided, by consensus of two orthopedic surgeons,
into three groups according to the talus shape: tali with re-
duced R/L-ratios were classified in the group of small dome
talus deformation. According to the criteria published by
Dunn [20] tali with increased R/L-ratios were classified in
the group of flattop talus deformation, and feet with normal
shaped tali were classified in the group of normal shaped tali
(see Figs. 1 and 2).
Based on R/L-ratios of the contralateral healthy feet and on
the morphological appearance of the treated tali R/L-ratios
Fig. 1 Weight bearing lateral foot radiographs showing R/L-ratios and
talus opening angles (α-angles) of (a) talus with classical flat-top talus
deformation, (b) control foot with normal shaped talus bone, and (c) talus
with small-dome deformity
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below 0.33 were considered as small dome, whereas R/L-ra-
tios above this limit were considered as normal or increased.
According to Dunn [20] the classification of the flattop talus
deformation is based on the morphologic appearance showing
flattening and incongruity of the talus bone. This classification
is not primarily based on R/L-ratios. Thus, the group of flattop
talus deformation shows increased R/L-ratios, but there is no
specific limit defined.
Radiographic signs of osteoarthrosis in the ankle joint were
assessed according to criteria established by Kellgren and
Lawrence [22] (0=none, 1=doubtful, 2=minimal, 3=mod-
erate, 4= severe).
All measurements were made using the Impax EE r20 xv
software (Agfa Health Care N.V., Belgium).
A standardized physical examination was performed in all
patients. The Functional Rating System for Clubfoot Surgery
(FRSCS) and the University of California at Los Angeles
(UCLA) 10-point activity scale were used to measure the clin-
ic outcome [3, 23].
Institutional review board approval was obtained for the
retrospective evaluation at our institution. All patients or legal
guardians gave their informed consent prior to the inclusion in
this study.
Statistical analysis
Continuous variables are described by mean (± standard de-
viation), the UCLA score by median (quartiles), and categor-
ical variables by percentages. Analyses of variance (ANOVA)
models were performed to compare continuous variables be-
tween different types of talus deformation accounting for the
patient effect as a random block factor. Pairwise comparisons
were adjusted using the Tukey-Kramer method. The Kellgren-
Lawrence score and the UCLA score were compared using the
Kruskal-Wallis test, pairwise comparisons were done using
the Wilcoxon rank sum test applying the closed testing prin-
ciple. With respect to the UCLA score patient-based measure-
ments were used and compared between the following 3
groups: 1) patients with at least one flattop talus; 2) patients
with at least one small dome talus; 3) patients without any
flattop or small dome talus. All p-values are results of two-
sided tests and p-values<0.05 were considered statistically
significant. The Kolmogorov–Smirnov test for normal distri-
bution and Pearson’s correlation was used to analyze the rela-
tion of defined parameters.
Statistical analyses were performed using the software SAS
9.4 (SAS Institute Inc. 2002–2012; Cary, NC, USA).
Results
Radiological analysis and clinical examination were per-
formed in all patients at a mean follow-up time of
15.4 years (range 10.1 to 20.9).
The talus shape was judged to be normal in 56 % of the
treated feet. In the group of treated clubfeet the mean R/L-
Fig. 2 R/L ratio of all treated clubfeet, controls, and the treated talus
groups: small-dome, flat-top, and normal shaped tali
Table 1 Comparison of R/L-ratios of the different talus deformity groups and controls (healthy feet)
Group 1 Mean R/L-ratio Group 2 p-value
Controls 0.40 (range 0.35 to 0.44) Normal shaped talus 0.9954
Controls Flat top talus <0.0001
Controls Small dome talus 0.0003
Normal shaped talus 0.40 (range 0.33 to 0.60) Flat top talus <0.0001
Small dome talus 0.29 (range 0.23 to 0.33) Normal shaped talus 0.0005
Flat top talus 0.54 (range 0.41 to 0.71) Small dome talus <0.0001
Fig. 3 Grading of arthrosis according to Kellgren and Lawrence of all
treated clubfeet, controls, and the treated talus groups: small-dome, flat-
top, and normal shaped tali. Frequencies of Kellgren and Lawrence
grades (0–2) given in percentage; grades 3 to 4 were not observed in
the cohort
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ratio was 0.41 (range 0.23 to 0.71) compared to a mean of
0.40 (range 0.35 to 0.44) in the control group (Fig. 2).
Moderate to severe deformation of the talus was seen in
44 % of the treated feet: small dome deformation of the
talus was found in nine feet (22 %). Moderate to severe
flat top talus deformation was found in 22 % (nine feet) of
the cohort according to the classification suggested by
Dunn et al. [20]. In contrast to the small dome talus group
this group showed increased R/L-ratios. R/L-ratios of the
different talus deformity groups are given in Table 1 and
Fig. 2. Follow-up time showed no significant difference
between the small-dome talus group and the flat-top talus
group (p= 0.161). In all healthy contralateral feet (control
group) tali were judged to be shaped normally.
Arthrosis of the ankle joint was judged to be grade one
(doubtful) in 41.5 %, and grade two (minimal) in 26.8 %
according to Kellgren and Lawrence [22]. Moderate or
severe arthrosis was not seen in our cohort. Of the treated
feet 31.7 % showed no sign of arthrosis at time of follow-
up. Degree of arthrosis of the different talus deformity
groups are given in Fig. 3.
Mean values of ankle range of motion, alpha angles,
FRSCS, and Kellgren and Lawrence-grading of all talus
groups and p-values of the comparison between each group
are given in Table 2.
We found a significant difference between the small
talus dome group and the flattop talus group for the alpha
angle (p< 0.001) and a non-significant difference of the
ankle range of motion (see Figs. 4 and 5). We found a
moderate positive correlation between the ankle range of
motion and the clinical outcome measured by FRSCS
score (r= 0.43, p= 0.005), and a weak positive correlation
between the alpha angle and the ankle range of motion
(r= 0.33, p= 0.033).
We found a significant difference of the grade of arthrosis
between the group with normal shaped tali and the flattop
talus group (p=0.010) and a non-significant difference be-
tween the group with normal shaped tali and the small talus
group (p=0.056). The difference of the arthrosis scores be-
tween the small talus group and the flattop talus group was not
significant (p=0.514).
The statistical analysis revealed a significant difference
of the FRSCS between the group with normal shaped tali
and the small dome talus group (p= 0.040) and between
the group with normal shaped tali and the flat top talus
group (p= 0.020). The difference of the FRSCS between
the small dome talus group and the flattop talus group was
not significant (p= 0.941) (see Fig. 6).
Considering the UCLA score we compared the follow-
ing three groups of patients: 1) patients with at least one
Table 2 p-values comparing groups: small dome vs. normal shaped talus (*), small dome vs. flattop (**), and normal shaped talus vs. flattop (***),
resp.; Ankle range of motion, talus alpha angle, and FRSCS were compared by ANOVAmodels (Tukey-Kramer method for pairwise comparisons); the
Kellgren-Lawrence score was tested by the Kruskal-Wallis test (Wilcoxon rank sum test applying the closed testing principle for pairwise comparisons)
Controls Small dome talus Normal shaped talus Flattop talus p-value* p-value** p-value***
Ankle range of motion: mean
(±standard dev.)
– 32.0 (±10.2) 36.0 (±7.8) 25.8 (±10.8) 0.518 0.208 0.019
Talus alpha angle: mean
(±standard dev.)
117.9 (±15.0) 119.6 (±13.5) 105.0 (±9.3) 73.8 (±10.7) 0.128 <0.0001 <0.0001
FRSCS mean (±standard dev.) – 59.3 (±12.3) 74.6 (±16.0) 55.0 (±17.7) 0.040 0.941 0.020
Kellgren-Lawrence grade
0 / 1 / 2 (percent)
94 / 6 / 0 11 / 56 / 33 52 / 31 / 17 0 / 56 / 44 0.056 0.514 0.010
Fig. 4 Talus opening angles (alpha angles, see Fig. 1) of all treated
clubfeet, controls, and the treated talus groups: small-dome, flat-top,
and normal shaped tali
Fig. 5 Ankle joint range of motion all treated clubfeet and the talus
groups: small-dome, flat-top, and normal shaped tali
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flattop talus; 2) patients with at least one small dome
talus; 3) patients without any flattop or small dome talus;
no statistically significant difference was found between
patient groups with respect to the UCLA score, with me-
dian (quartile) values of 8.0 (7.0–9.0) in group 1, 8.5
(6.0–9.0) in group 2 and 9.0 (8.0 – 9.0) in group 3
(p= 0.512).
A comparison of treatment parameters in the small dome
talus and the flat top talus group is shown in Table 3. The
differences between the two groups were not significant.
Discussion
In the long history of treatment of idiopathic congenital club-
foot various radiological parameters have been suggested to
measure the effectiveness of treatment strategies [1]. However
reports on results of clubfoot treatment are often based on
clinical scores or mailed questionnaires and radiological anal-
ysis, if performed, is limited to the assessment of arthrosis in
the majority of cases (see Table 4). Deformation of the talus
has been described as a central parameter [20], but detailed
analysis of talar deformations in idiopathic clubfeet is rarely
reported.
The purpose of this study was first to define different types
of talus deformation based on radiographic analysis:
Our data demonstrate that R/L-ratios in treated clubfeet
show a wider range than in healthy contralateral feet
(Fig. 2). This finding is supported by Bach et al. who reported
a wide range for the R/L-ratio in patients who underwent
Turco’s posteromedial release because of idiopathic clubfeet
[19]. In contrast, similar to our findings in healthy contralat-
eral feet Hjelmstedt at al. reported a smaller range for the R/L-
ratio of 0.365 with a standard deviation of 0.045 in normal feet
[21]. The measurement of R/L-ratios has proven reliable [19]
and it delivers additional information to the classification pub-
lished by Dunn [20]. The section of increased R/L-ratios rep-
resents tali with the former reported flattop talus deformation
[15, 19, 20].
In contrast, our data also show a group of treated feet with
decreased R/L-ratios. This suggests that there is a group with
deformed tali showing decreased R/L-ratios representing the
described small dome talus deformation (Fig. 1).
The talus and its shape are essential key features of the effec-
tive clubfoot treatment. The talus shape not only determines the
ankle movement [19] but it is also a central predictive factor for
the onset of ankle arthrosis [17]. Thus, it seems important to
analyze not only ankle arthrosis, but also the different types of
talus deformation in the clubfoot follow-up which also creates
some future prospects for the patients. This insight cannot be
given based on clinical measurements only.
In the second part of this study, we evaluated the impact of
the different deformation patterns on long-term results of idi-
opathic clubfoot correction:
The overall long term results shown in this study were
satisfying in most cases: functional excellent or good results
were seen in 65 %. Besides recurrence of deformation arthro-
sis is most likely to affect function in the following decades.
Reports showed that in the long run arthrosis is more common
in treated clubfeet than in contralateral normal feet [13].
In our cohort initial signs of arthrosis were seen quite fre-
quently in cases with flattop talus deformation, but not that
frequent in the small dome talus group. Thus, the difference
between the flat top talus group and the group of normal
shaped tali was significant (p=0.010, see Table 2). Whereas
the difference between the small dome talus group and the
normal shaped talus group was not significant (p=0.056).
The small dome talus group shows significant increased alpha
angles compared to the flat top talus group. Our data show a
trend of better ankle range of motion for the small dome talus
group compared to the flat top talus group. Thus, the difference
of ankle range ofmotion between the group of normal shaped tali
and flat top tali was significant, whereas the difference between
the normal shaped talus group and the small dome talus group
was not significant (Table 2). These findings are coherent with
the report of Bach et al., who described a decreased dynamic
range of ankle motion in feet with talar flattening [18].
We did not see a significant difference of the clinical results
measured by FRSCS between the small dome talus group and
the flat top talus group, but there is a trend to better results in the
small dome talus group.
Talus deformation was mainly reported following surgical
treatment of clubfoot deformity [24], but there are also reports
Fig. 6 Results according to the functional rating system for clubfoot
surgery of all treated clubfeet and the talus groups: small-dome, flat-
top, and normal shaped tali
Table 3 Comparison of treatment parameters in the small dome talus
















SD 7/2 8/1 6/3 4.8 10.3
FT 3/6 6/3 3/6 6.3 12
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on talus deformation following Ponseti treatment [14]. Therefore,
we believe that the analysis of the talus shape is also important
for these treatment modalities.
One question that remains is whether talus deformation is a
result of the applied pressure during the correction process or
due to the initial surgical correction. In addition it is unclear
which circumstances determine the type of talus deformation.
However, in case of talus deformation our data show a non-
significant trend that the a shorter postoperative casting time,
the release of the flexor digitorum longus and flexor hallucis
longus tendon, and a shorter time of pin trans-fixation favors
the development of the small dome deformation. Further re-
search is needed to analyze factors causing and determining
the different talus deformation types in idiopathic clubfeet
undergoing treatment.
Conclusion
Our study shows that there are different subgroups of
talus deformation: the small dome talus deformation
tends to show a better ankle joint range of motion and
a lower risk of arthrosis compared to the classical flat
dome talus deformation.
Limitations
Limitations to this study are the retrospective design and the
limited cohort size within the talus deformity subgroups.
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Hsu LP [12] Long-term retrospective study of patients with idiopathic
clubfoot treated with posterior medial-lateral release.
21 80 (120) no no no
Radler C [25] Midterm results of the Ponseti method in the treatment of
congenital clubfoot.
5.2 125 (199) no no no
van Gelder JH
[13]
Long-term results of the posteromedial release in the
treatment of idiopathic clubfoot.
16 38 (58) yes no no
Smith PA [26] Long-term results of comprehensive clubfoot release versus





24(37) + 18(29) yes no no
Cooper DM
[16]
Treatment of idiopathic clubfoot: a 30 year follow-up note. at age 34 45(71) no no no
Dobbs MB
[27]
Long-term follow-up of patients with clubfeet treated with
extensive soft-tissue release.
30 45 (73) yes yes no
Levin MN [28] Posteromedial release for idiopathic talipes equinovarus: a
long-term follow-up study.
8.2 18 (26) yes yes no
Ponseti I [17] A radiographic study of skeletal deformities in treated
clubfeet.
19.5 32 (32) yes yes yes
Porecha MM
[29]
Mid-term results of Ponseti method for the treatment of
congenital idiopathic clubfoot—(a study of 67 clubfeet
with mean five year follow-up).
5 49 (67) no no no
Ippolito E[30] Long-term comparative results in patients with congenital
clubfoot treated with two different protocols.
at age 27
/19
32(47) / 32(49) yes yes no
Kalender
O[31]
Evaluation of clinical and radiographic outcomes of
complete subtalar release in clubfoot treatment.
13 11 (11) yes yes yes
Limpaphayom
N [15]
Idiopathic clubfoot: ten year follow-up after a soft tissue
release procedure.
10 24 (36) yes yes yes
Mahan ST [32] Satisfactory patient-based outcomes after surgical treatment
for idiopathic clubfoot: includes surgeon’s individualized
technique.
9.7 148 no no no
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